Introduction
The helical gears are used very frequently in many mechanical constructs [6, 8, 9, 10, 11, 12, 13] . The one of the main applications is on the gear transmissions of vehicles ( Figure 1 ). [1, 6] The teeth are picked up the loads at the same time and ceased at the same time. The connection is continuously. The force effects from the friction are worked into two directions on the same tooth. Based on this the helical gear is run more
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The helical gear pairs are widely used in different mechanical constructs. The main advantage is the good efficiency and the low noise during the connection.
We have worked out a computer software with which the designing process of the helical gears could be eased. Based on the calculated gear parameters the CAD models of the elements could be prepared. Knowing of the geometries the assembly could be created based on the fixed freedom degrees and the elementary centre distance. We have designed five types of gear pairs. The differences are only the different tooth traces. All of other parameters have not been modified.
The aim of this research is the function between the tool trace and the mechanical parameters. Using of the TCA the mechanical parameters of the connecting elements on the contact zone could be analyses by different loads.
We have done this analysis which means we have analyzed the effect of the modified parameter for the normal stress, normal deformation and the normal elastic strain on the contact zone. Based on the results we have prepared diagrams for the analysis of the correlations between the changing parameters.
Before the real production the TCA is suggested because of the determination of the estimated mechanical parameters. If these parameters would not give required results it could be possible to return to the geometric designing process and modify the geometric parameters. [2, 3, 5, 6, 11] .
The disadvantage is the axial force which could be compensated by Herringbone gear [6] .
Based on Figure 2 . a tangential plane is turned around the basic cylinder on the K1R rotation coordinate system. The basic cylinder is situated on the K1S standing coordination system. This is the derivation of the involute helical surface (Figure 2. ). [1, 6] An arbitrary oblique line of this tangential plane is describe an involute helical surface. Every planar section of this is verdant involute. The tangential plane of the basic cylinder is the connection plane ( Figure 3 ) [3, 5, 6] . Fig. 3 . The basic cylinders of the involute helical surfaces [1, 6] The generator of the tooth surface is closed βa angle with the axis of the basic cylinder. The (90°-βa) is the helix angle of the involute helical surface [3, 5, 6, 7] .
Designing of the x-zero helical gear pairs
The basic property of the x-zero gear drives is the connection is done on the pitch circle diameter, that is why the pitch circle diameter and the rolling circle diameter are the same [3, 5, 6]:
Knowing of the geometric parameters from the references we have worked out a computer software because of the facilitation of the designing process [1] .
We have designed five types of helical gears based on the modification of the tooth trace ( Table 1) . All of other parameters has been the same, only the tooth trace has been modified on the pitch cylinder (β0) ( Figure 4 ): (1)
(4) Transmission ratio (i) 1.5
The calculated profiles of the pinion and the driven gear could be seen in the function of the modification of the tooth trace on Figure 5 . The involute profile is changed in the function of the modification of the tooth trace.
Knowing of the calculated parameters of the designed gear pairs the CAD (Computer Aided Designing) models of the elements could be prepared by Solidworks software (Figure 6) .
Our developed program can export the profile curves of the elements in txt format. Based on this points interpolated B-spline [4] could be fitted for the points by Solidworks software. After that the CAD models could be built up [1] .
Tooth contact analysis (TCA)
The aim of the TCA is the analysis of the established mechanical parameters of the gear pairs before the production. If the analyzed mechanical parameters are not appropriate there are possibilities for the modification of the ge-ometric parameters of the gears for the better working conditions [5, 7, 8] . (Figure 7) . The meshing has been handed out equally along the tooth length.
The applied material has been structural steel (Table 2 ). 
Defining of the load and boundary conditions
During the analysis, 3 coordinate systems have been defined: two standing coordinate systems on the middle rotation axes of the gear pairs (K1S, K2S), one coordinate system on the contact zone of the gears.
All freedom degrees of the driven gear have been fixed. Five freedom degrees of the pinion have been fixed, only the rotation around the axis of rotation has been permitted.
The pinion has been loaded by 500 Nm moment. The contact tooth surfaces of the gear pairs have been analyzed.
Analysis of the normal stresses on the tooth surfaces
The normal stress is defined perpendicularly for the tooth surfaces on the coordinate system on the contact zone of the gears. These direction is the most determinative in aspect of tooth deformation. The normal elastic strain is determined perpendicularly for the tooth contact surface. This direction is the most determinable in the tooth connection. a) pinion b) driven gear Fig. 11 . The normal stress results in the function of the tooth trace
Analysis of the normal deformation on the tooth surfaces
The deformation could be determinable to many directions. In case of the tooth connection the main direction is the normal direction which is perpendicular for the contact surfaces. It could be determined by the help of the coordinate system on the contact zone of the gears (Figure 12.a) .
The normal stress results in the function of the tooth trace could be seen on Figure 9 .
A little fluctuation could be seen on the pinion side (Figure 9 .a). The lowest normal stress in absolute value could be achieved in case of Gear drive I.
The normal stress is increased until β0=19° tooth trace. After that the normal stress is started decreasing (Figure 9 .b) on the driven gear side. The lowest normal stress in absolute value could be achieved in case of Gear drive I.
According to the normal stress distribution the Gear drive I has better stress results.
The normal elastic strain results in the function of the tooth trace could be seen on Figure 11 .
The lowest result could be found in case of β0=15° in absolute value on the pinion (Figure 11 .a). The highest result could be found in case of β0=23° in absolute value.
The lowest result could be found in case of β0=15° in absolute value on the driven gear (Figure 11 .b). The highest result could be found in case of β0=19° in absolute value.
According to the normal elastic strain distribution the Gear drive I has better results beside the constancy of the other gear parameters (Figure 11 ).
The normal deformation results in the function of the tooth trace could be seen on Figure 13 .
The lowest result could be found in case of β0=21° in absolute value on the pinion (Figure 13 .a). The highest result could be appeared in case of β0=17° in absolute value. This value is outstanding high than the other deformation values.
The lowest result could be found in case of β0=15° in absolute value on the driven gear (Figure 13 
Conclusions
The helical gear pairs are used in many mechanical constructions for instance vehicle's gear transmissions or working machines. The TCA is important because of the achievement of better mechanical conditions during the working. The modification of the geometric parameters of the gear pairs is important due to the optimized TCA's results.
Five types of x-zero helical gear pairs have been designed. Only the tooth trace has been modified during the designing process. We have worked out a computer program with which the designing process could be easier. After the designing process the CAD models and the assembly construction could be created for the TCA.
TCA has been done for the analysis of the normal stresses, normal deformations and normal elastic strains. Our purpose is the comparative analysis of the TCA's results in the function of the modification of the tooth trace on the tooth contact zone. After that the correlations between the modified gear parameters and the TCA results could be determinable.
Based on our results we could achieve better TCA' results if we apply lower tooth trace beside the constancy of other gear parameters. : angular displacement (°) a : centre distance (mm) a0
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